Abstract It is increasingly clear that machine learning algorithms need to be integrated in an iterative scientific discovery loop, in which data is queried repeatedly by means of inductive queries and where the computer provides guidance to the experiments that are being performed. In this chapter, we summarise several key challenges in achieving this integration of machine learning and data mining algorithms in methods for the discovery of Quantitative Structure Activity Relationships (QSARs). We introduce the concept of a robot scientist, in which all steps of the discovery process are automated; we discuss the representation of molecular data such that knowledge discovery tools can analyse it, and we discuss the adaptation of machine learning and data mining algorithms to guide QSAR experiments.
portance to the pharmaceutical industry. The QSAR problem is as follows: given a set of molecules with associated pharmacological activities (e.g., killing cancer cells), find a predictive mapping from structure to activity, which enables the design of a new molecule with maximum activity. Due to its importance, the problem has received a lot of attention from academic researchers in data mining and machine learning. In these approaches, a dataset is usually constructed by a chemist by means of experiments in a wet laboratory and machine learners and data miners use the resulting datasets to illustrate the performance of newly developed predictive algorithms. However, such an approach is divorced from the actual practice of drug design, where cycles of QSAR learning and new compound synthesis are typical. Hence, it is necessary that data mining and machine learning algorithms become a more integrated part of the scientific discovery loop. In this loop, algorithms are not only used to find relationships in data, but also provide feedback as to which experiments should be performed and provide scientists with interpretable representations of the hypotheses under consideration.
Ultimately, the most ambitious goal one could hope to achieve is the development of a robot scientist for drug design, which integrates the entire iterative scientific loop in an automated machine, i.e., the robot not only performs experiments, but also analyses them and proposes new experiments. Robot Scientists have the potential to change the way drug design is done, and enable the rapid adoption of novel machinelearning/data-mining methodologies for QSAR. They however pose particular types of problems, several of which involve machine learning and data mining. These challenges are introduced further in Section 18.2.
The point of view advocated in this book is that one way to support iterative processes of data analysis, is by turning isolated data mining tools into inductive querying systems. In such a system, a run of a data mining algorithm is seen as calculating an answer to a query by a user, whether this user is a human or a computerized system, such as a robot scientist. Compared to traditional data mining algorithms, the distinguishing feature of an inductive querying system is that it provides the user considerably more freedom in formulating alternative mining tasks, often by means of constraints. In the context of QSAR, this means that the user is provided with more freedom in how to deal with representations of molecular data, can choose the constraints under which to perform a mining task, and has freedom in how the results of a data mining algorithm are processed.
This chapter summarizes several of the challenges in developing and using inductive querying systems for QSAR. We will discuss in more detail three technical challenges that are particular to iterative drug design: the representation of molecular data, the application of such representations to determine an initial set of compounds for use in experiments, and mechanisms for providing feedback to machines or human scientists performing experiments.
A particular feature of molecular data is that, essentially, a molecule is a structure consisting of atoms connected by bonds. Many well-known machine learning and data mining algorithms assume that data is provided in a tabular (attributevalue) form. To be able to learn from molecular data, we either need strategies for transforming the structural information into a tabular form or we need to develop
